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Abstract: COPD is a common disease of the respiratory system. Inflammation, cellular 
senescence and necroptosis are all pathological alterations of this disease, which may lead to 
emphysema and infection that aggravate disease progression. Mitochondria acting as respira-
tion-related organelles is usually observed with abnormal changes in morphology and 
function in CS-stimulated models and COPD patients. Damaged mitochondria can activate 
mitophagy, a vital mechanism for mitochondrial quality control, whereas under the persistent 
stimulus of CS or other forms of oxidative stress, mitophagy is impaired, resulting in 
insufficient clearance of damaged mitochondria. However, the excessive activation of mito-
phagy also seems to disturb the pathology of COPD. In this review, we demonstrate the 
variations in mitochondria and mitophagy in CS-induced models and COPD patients and 
discuss the underlying regulatory mechanism of mitophagy and COPD, including the roles of 
inflammation, senescence, emphysema and infection. 
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Introduction
Chronic obstructive pulmonary disease (COPD) contributes significantly to the 
global burden of disease as the fourth leading cause of mortality worldwide.1 

COPD is characterized by persistent symptoms of the respiratory system, and 
progressive airway limitation is principally caused by the harmful effects of cigar-
ette smoke (CS) exposure.2 Recent studies have shown that CS can cause cellular 
senescence by generating excessive reactive oxygen species (ROS) in mitochondria 
impair mitochondrial functions, including mitophagy.3,4 Mitochondria are not only 
primary endogenous producers of ROS but also major targets of ROS, which result 
in abnormal inflammatory responses under conditions of persistent and high levels 
of mitochondrial ROS (mtROS).5 Researchers suggest that the accumulation of 
mtROS caused by CS activates inflammatory pathways by interfering with mito-
chondrial quality control.6,7 The stressed mitochondria fuse together and then the 
damaged contents and healthy mitochondria are separated by a fission mechanism,8 

and then, the impaired mitochondria are mainly degraded via mitophagy9 to control 
and maintain mitochondrial quality. The mitochondrial morphology in primary 
bronchial epithelial cells from COPD patients is altered, presenting with swollen, 
elongated and fragmented mitochondria with loss of cristae.10 In alveolar epithe-
lial cells, a mild level of CS can induce mitochondrial hyperfusion and render these 
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cells more sensitive to additional stress.11 Mitochondrial 
hyperfusion and fragmentation are both adaptive measures 
of mitochondrial quality control. These alterations are 
partly attributed to impaired mitophagy caused by CS 
exposure, which induces a deteriorating mitochondrial 
state. A recent study demonstrated that CS impairs mito-
phagy, which results in the accumulation of damaged 
mitochondria.3,12 Researchers have also found that 
damaged mitochondria accumulate in the perinuclear 
region and generate excessive mtROS, which give rise to 
nuclear DNA damage and contribute to subsequent cellu-
lar senescence.12 In addition, a series of pathological 
changes in the innate immune system resulting from the 
impairment of mitophagy also plays a nonnegligible role 
in the pathogenesis of COPD.13,14-16 However, the upre-
gulated level of mitophagy has also been shown to cause 

mitophagy-dependent necroptosis, which is correlated with 
emphysema in COPD.17 This review summarizes the dif-
ferent pathological alterations caused by COPD when 
mitophagy is damaged by the persistent activation by CS 
(Figure 1).

The Alterations of Mitochondria 
and Mitophagy During CS Exposure 
or in COPD
Mitochondria are double-membrane organelles that have 
preserved and specific structures that are mainly regulated 
by genomic DNA while taking part in the functioning of 
integrated intracellular systems. ROS, mainly released 
from mitochondria, act as second messengers to maintain 
cellular homeostasis under physiological conditions.18 
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Figure 1 The underlying mechanism of mitophagy in influencing COPD with different phenotypes. (A) The stimulus of smoking-induced stress induces excessive generation 
of ROS, injuries to mitochondria and impaired mitophagy, and these ROS target DNA, leading to DNA damage foci formation, which causes cellular senescence and 
establishes a vicious cycle. (B) In the lung tissue of COPD patients, several inflammatory cells, such as macrophages, neutrophils and CD8+ T cells, and cytokines were 
observed, including IFNγ, IL-6, NFκB and TNFα. Insufficient mitophagy cannot eliminate damaged mitochondria efficiently, which leads to the generation of excessive ROS, 
ATP and proteolytic enzymes. (C) Emphysema is caused by the basic pathological changes of COPD. CS-induced necroptosis contributes to the alteration observed in 
emphysema, and the phosphorylation of MLKL plays a precursor role in necroptosis-related emphysema, which can be attenuated by Mdivi-1 and PINK1 knockout. (D) 
Infections with bacteria or viruses can also act on molecular targets of mitophagy under conditions of mitophagy dysfunction. ROS constitute a defensive mechanism for 
pathogens, and overstimulated mitophagy can weaken this protective effect of ROS. The innate immune system is also affected by mitophagy through many signaling 
pathways, such as the TBK1 pathway. 
Abbreviations: AC, acetyl; COPD, Chronic obstructive pulmonary disease; CS, cigarette smoke; FOXO3, forkhead box O3; IL, interleukin; LRRC25, leucine-rich repeat 
containing protein 25; MAPK, mitogen activated protein kinase; MAVS, mitochondrial antiviral-signaling protein; MKK3, mitogen activated protein kinase kinase 3; MLKL, 
mixed lineage kinase domain like pseudokinase; mtDNA, mitochondrial DNA; NDP52, calcium binding and coiled-coil domain 2; NFκB, nuclear factor kappa B; NGLY1, 
N-glycanase 1; NLRP3, NLR family pyrin domain containing 3; NRF1, nuclear factor, erythroid 2 like 1; OPTN, optineurin; PINK1, PTEN-induced putative kinase 1; PRKN, 
parkin RBR E3 ubiquitin protein ligase; RIP3, receptor-interacting serine-threonine kinase 3; RLR, RIG-I like receptor; ROS, reactive oxygen species; SIRT, sirtuin; TBK1, 
TANK binding kinase 1; TLR9, toll like receptor 9; TNFR, tumor necrosis factor receptor.
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Mitochondrial DNA (mtDNA) is sensitive to oxidant 
stress,19 and the oxidization of mtDNA accelerates the 
aging process, resulting in accumulating mutations in the 
mitochondrial genome, which reduces the efficiency of 
electron transport chain activity and increases ROS 
generation.20 Persistent stimulation of CS causes excessive 
ROS generation by damaged mitochondria, which pro-
motes a critical and propagating cellular stress 
response.21 Impaired mitochondria can also be the prime 
targets of ROS, leading to further impairment of mito-
chondrial proteins and mtDNA and hence creating 
a vicious circle in the mitochondrial network. The mito-
chondrial network is a dynamic structure that adapts to 
attenuate various environmental stresses through the 
fusion and fission of mitochondria and exchange of 
mtDNA, ATP and other components to maximize the 
efficiency of energy production.11,22 The homeostasis of 
mitochondrial fission and fusion can ensure a sufficient 
number of mitochondria to sustain energy output. 
Dynamic-related protein 1 (Drp1) and fission-related pro-
tein 1 (Fis1) are two GTPase proteins that are key regula-
tors of mitochondrial fission. When mtROS levels 
increase, Fis1 is predominantly activated and promotes 
the fragmentation of the mitochondrial network.23 The 
overexpression of Drp1 also facilitates excessive mito-
chondrial fission24 and results in cell apoptosis.

Under exposure to mild stress, mitochondria are elon-
gated through the promotion of fusion,25 which can enhance 
ATP production and minimize stress-induced damage. 
Nevertheless, severe stress can severely injure mitochon-
dria, and the impairment can compromise healthy mito-
chondria that share components with damaged 
mitochondria in the mitochondrial network.26 Increased 
expression of mitofusin (MFN) enhances mitochondrial 
elongation,12 whereas impaired mitochondria induce the 
generation of optic atrophy (OPA)-1 to degrade MFN-1 
through the ubiquitin-proteasome system, resulting in mito-
chondrial fragmentation. In general, mitochondrial frag-
ments tend to be eliminated.27 Studying CS exposure, 
researchers first found abnormal changes in mitochondrial 
morphology in primary airway epithelial cells derived from 
COPD patients, including crista defects, abnormal branches, 
and swollen and fragmented organelles.10,28 Using experi-
mental data, researchers inferred that decreased oxygen 
consumption rates, decreased ATP levels, increased 
mtROS levels, reduced activity of the electron transport 
chain and loss of mitochondrial membrane potential are 
all contributors to abnormities in mitochondrial morphology 

in COPD patients.10,17,28-33 Innoxious doses of cigarette 
smoke extract (CSE) led to elevated metabolic activity 
accompanied by mitochondrial elongation in the absence 
of damaged mitochondria or ROS overgeneration in alveo-
lar cells of mice.12 However, toxic doses of CSE caused 
fragmentation of mitochondria in human bronchial epithe-
lial cells (HBECs) via the recruitment of Drp-1 to the 
damaged mitochondria.28,34 With the preservation of CS 
exposure at multiple time points, researchers found mito-
chondrial elongation 24 hours after exposure, whereas an 
identical dose of CSE induced fragmentation predominantly 
after 48 hours of exposure.35 Even for the same time (6 
months) of CSE stimulation, bronchial epithelial cells 
exhibited different morphological alterations of mitochon-
dria, including elongation and fragmentation.10 These 
results reveal that the alterations of fission and fusion in 
mitochondria are not inseparable or invariable but are coor-
dinated to accommodate external stress. Researchers have 
observed morphological changes in mitochondria in the 
lung tissue from COPD patients, which reacted similarly 
to the different cell types under exposure to constant CSE, 
with both the mitochondrial elongation and fragmentation 
increased in the COPD samples.10,28 According to 
a previous study, the morphology of mitochondria does 
not precisely reflect the corresponding functions under 
severe or prolonged stress. The type and severity of the 
stimulus and the integrity of the mitochondrial quality con-
trol system, such as mitophagy, are also vital indicators of 
mitochondrial function, in addition to morphology. In gen-
eral, the elongation of mitochondria reflects elevated mito-
chondrial function, while CS-induced elongation with 
decreased mitophagy reveals depressed mitochondrial func-
tions and increased generation of ROS.12 Failure to alleviate 
these abnormities or attenuate the damage in a timely man-
ner induces cellular senescence,28 and higher doses of CSE 
can induce cell death.29 In addition to the elimination of 
damaged mitochondria by mitophagy, mitochondrial bio-
genesis also regulates the quality of mitochondria via the 
AMP-activated protein kinase (AMPK)-peroxisome prolif-
erator-activated receptor γ coactivator-1-alpha (PGC1α) 
pathway,34 and oxidative stresses can stimulate this path-
way. PGC1α is upregulated in bronchial epithelial cells 
derived from COPD tissues,10 which may suggest increased 
mitochondrial biogenesis in COPD, which would indicate 
an adaptive response to oxidative stresses. However, under 
perennial CS stimulation, the upregulation of mitochondrial 
biogenesis with increased expression of PGC1α causes cel-
lular senescence.36
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Using COPD epithelial cells, researchers demonstrated 
elevated numbers of mitochondria with cristae depletion, 
which indicates damaged mitochondria in COPD. 
Compared its effects of other diseases, the PTEN-induced 
putative kinase 1 (PINK1)/parkin RBR E3 ubiquitin pro-
tein ligase (PRKN) pathway plays a pivotal role in mito-
phagy in COPD. PEKN expression is decreased in COPD 
lung tissue, and PRKN knockout enhances airway wall 
thickening due to changes causing emphysema after CS 
exposure in COPD mice, compared with its effect in wild - 
type (WT) mice.3,35 In contrast to these reports, Mizumura 
proved that CS exposure activates mitophagy, leading to 
cell death in a mouse model.17 Mizumura demonstrated 
that the upregulation of PINK1 and PINK1-/- mice were 
protected against emphysematous changes during CS sti-
mulus. Mizumura also found elevated expression of the 
necroptosis regulator receptor-interacting serine-threonine 
kinase 3 (RIP3) and inferred that CS might increase the 
level of mitophagy and induce necrotic cell death, changes 
dependent on upregulated mitophagy in the pathogenesis 
of COPD. Several studies have indicated that mtROS are 
not involved in the mitochondrial translocation of PRKN, 
but Bin Xiao indicated that the stimulation of carbonyl 
cyanide m-chlorophenylhydrazone (CCCP) is essential for 
mitophagy.37 Treatment with CCCP can induce both mito-
chondrial depolarization and the accumulation of ROS. An 
objective analysis suggests that different experimental 
conditions may have led to the discrepancies between 
these two results, and the concentration and stimulation 
time might have also influenced the results.

Mitochondrial Dysfunction in 
Inflammatory Response Which 
Contributes to COPD Pathogenesis
Mitochondria play vital roles in proinflammatory signal-
ing, and proinflammatory factors similarly influence mito-
chondrial functions.38 Previous studies have shown that 
high levels of mtROS, extracellular ATP, and mtDNA 
release inflict inflammatory responses that lead to mito-
chondrial dysfunction. Excessive oxidative stresses lead to 
the recruitment of inflammatory cells to the lung, includ-
ing neutrophils, CD8+ T lymphocytes and alveolar macro-
phages, and these cells affect the structures and functions 
of pulmonary epithelial cells.39 The imbalance of the pro-
tease/antiprotease system in the process of inflammation 
facilitates the release of proteolytic enzymes from neutro-
phils and macrophages.40 Under severe stresses, 

mitochondria generate a large number of mtROS that 
cause an inflammatory response via several mechanisms, 
including tumor necrosis factor receptors (TNFRs), mito-
gen-activated protein kinase (MAPK), RIG-I-like recep-
tors and NLR family pyrin domain-containing 3 (NLRP3) 
inflammasome signals.5,41-43 Bulua demonstrated that the 
inhibition of mtROS generation reduced the levels of 
proinflammatory mediators, such as interleukin (IL)-6 
and tumor necrosis factor (TNF), in cells isolated from 
patients with TNFR1-associated periodic syndrome.5 The 
released ATP activates purine receptors (P2X and P2Y) in 
an autocrine and paracrine manner, and the activation of 
these purine receptors leads to the generation of ROS, 
proinflammatory mediators and chemokines.44,45 

Additionally, mtDNA released in the cytosol and circula-
tion can act as mitochondrial damage-associated molecular 
patterns (DAMPs), which induce inflammasome 
activation.46 Further study shows that mtDNA-related 
inflammasome activation is related to the cell- 
autonomous activation of specific pattern recognition 
receptors such as Toll-like receptor 9 (TLR9).47 Zhou 
found that the deletion of NLRP3 suppresses the increase 
in interleukin (IL)-1β caused by mtROS accumulation.43

Mitophagy serves as a predominant part of the mito-
chondrial quality control system, which also plays a vital 
role in the inflammatory response caused by mitochondrial 
dysfunction. Zhong demonstrated that macrophages 
derived from PRKN-/- mice secrete IL-1β and stimulate 
NLRP3 activators.48 Then, they revealed that the mito-
chondrial damage induced by NLRP3 activators may con-
tribute to PRKN-dependent mitophagy. However, Allam 
found that macrophages isolated from PRKN-/- mice do 
not produce lower levels of IL-1β in response to NLRP3- 
stimulating treatments, but the underlying mechanism of 
mitophagy in regulating inflammasome activation is still 
unclear.49 Researchers have found that N-glycanase 1 
(NGLY1)-deficient human and mouse cells exhibit acti-
vated nucleic acid-sensing pathways that induce an ele-
vated expression of IFN-stimulated genes (ISGs).50 This 
study elucidated the protective function of NGLY1 by 
promoting the expression of nuclear factor erythroid 2 
like 1 (NRF1), a transcriptional factor, and restoring mito-
phagy and mitochondrial homeostasis to relieve the 
inflammatory response. Notably, inflammation is 
a critical driver of Parkinson’s disease (PD) pathology.51 

Upon the knockout of PINK1 or PRKN, exhaustive exer-
cise and mutational stress of mtDNA activated the DNA- 
sensing cGAS-STING pathway and led to an inflammatory 
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phenotype.52 Strikingly, in this study, after exhaustive 
exercise, the levels of several cytokines were elevated, 
including IL-6, IL-12, IL-13, interferon-β (IFNβ), 
C-X-C motif chemokine ligand 1 (CXCL1), C-C motif 
chemokine ligand 2 (CCL2) and CCL4, in the serum of 
PINK1-/- or PRKN-/- mice. Mannam P demonstrated that 
mitogen-activated protein kinase kinase 3 (MKK3)- 
knockout mice are resistant to CS-induced inflammation 
and mitochondrial dysfunction.53 Prior to this study, 
Srivastava A indicated that MKK3 is a negative regulator 
of mitochondrial health.54 The MKK3-knockout mice 
were protected against inflammatory injuries of the 
lung55,56 and showed increased mitophagy compared to 
WT mice, enhancing the number of healthy 
mitochondria.54 After CS exposure, the WT mice in this 
study showed more significant upregulation of serum 
INFγ, IL-6, calcitonin-related polypeptide alpha (KC), 
nuclear factor kappa B (NFκB) and TNFα than the 
MKK3-/- mice. Researchers collected lung tissue speci-
mens from COPD patients and found higher p-MMK3 (the 
active form) levels than in non-COPD patients. These 
results revealed that MKK3 can be regarded as 
a therapeutic target to alleviate inflammation and mito-
chondrial damage in COPD.

The Role of Mitochondrial 
Homeostasis in CS-Induced Cellular 
Senescence
Mitochondria regulate cell functions by modulating not 
only the generation of energy but also aging-associated 
phenotypes, such as cellular senescence.57 Cellular com-
ponents, including proteins, DNA and lipids, are all 
affected by the accumulation of damaged mitochondria 
with excessive production of ROS.57 Overwhelming 
mtROS levels lead to telomere shortening by generating 
single-strand breaks in telomeric regions, which may sug-
gest a mechanism by which ROS-mediated cellular senes-
cence regulates telomere health.58 Old age is an 
acknowledged risk factor that significantly influences the 
process of COPD.59 It has been established that mitochon-
drial functions decline with aging in model organisms,60 

but this phenomenon is also observed in aging people and 
may lead to several age-related diseases.61 Researchers 
have demonstrated that mtDNA mutations contribute to 
mammalian aging by mutating the amino acid at position 
257 (D257A) in the sole mtDNA polymerase.20,62 

Peroxisome proliferator-activated receptor γ coactivator- 

1-α (PGC-1α) is the main coactivator of mitochondrial 
biogenesis,63 modulating the activity of nuclear respiratory 
factors NRF1 and NRF2 and mitochondrial transcription 
factor A  (TFAM) involved in the regulation of mitochon-
drial biogenesis.64 Elevated levels of PGC-1α in mouse 
skeletal muscle suppressed the development of age- 
dependent sarcopenia.65 Kaplon revealed the relationship 
between mitochondrial metabolism and cellular senes-
cence induced by oncogenes and the related increase in 
the oxidation of pyruvate, resulting in increased mtROS of 
cells in a senescent state.66 The phosphorylation of pyru-
vate enhances the activity of the mitochondrial pyruvate 
dehydrogenase (PDH) complex, and the PDH complex is 
also regulated by mitochondrial sirtuins, especially sirtuin 
(SIRT)-3 and SIRT4.67,68

Parkinson’s disease is known as an aging-associated 
disease, and loss-of-function mutations in either PINK1 
or PRKN can result in the early onset of Parkinson’s 
disease.69 The deletion of PRKN in Drosophila decreased 
the fly lifespan,70 and the overexpression of PRKN 
expanded the fly lifespan without restricting fly fertility 
or food consumption.71 LON protease, known as a vital 
protein for mitochondrial protein homeostasis, is reported 
to regulate the mitochondrial level of PINK1,72 and the 
decreased expression of LON protease is reported to be 
related to reduced mitochondrial function and exacerbated 
aging.73 Although the link between aging and cellular 
senescence is not simply linear, we obtained some enligh-
tening results. Many studies have shown that cellular 
senescence contributes to the complex pathogenesis of 
COPD.74 In the airway epithelial cells of mice, the over-
expression of SIRT1, which can activate mitochondrial 
biogenesis, shows resistance to the CS-induced cellular 
senescence induced by deacetylating forkhead box O3 
(FOXO3).75 FOXO3 had been previously reported to 
enhance mitochondrial function and alleviate CS-induced 
senescence.76 It is noteworthy that the PINK1/PRKN path-
way still plays a crucial role in CS-induced senescence in 
airway epithelial cells.3,4,12 Ito S elucidated the regulatory 
mechanism among ROS, mitophagy and cellular senes-
cence under CS exposure, showing that reduced levels of 
PRKN but increased levels of PINK1 were significantly 
observed in COPD lungs compared with these levels in 
non-COPD lungs.3 Ahmad T performed further research to 
demonstrate a step-by-step regulatory pattern in which 
CSE induces elevated production of ROS, and the accu-
mulated ROS attenuate mitophagy, which eventually leads 
to cellular senescence.12 Ahmad T showed that increased 
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ROS and DNA damage foci formation were driven by 
CSE-mediated perinuclear mitochondrial accumulation 
and that CSE impaired the effect of CCCP, a known 
PRKN mitochondrial translocation agent, which indicated 
that CSE led to diminished mitophagy. However, 
a mitochondria-targeted antioxidant ameliorated cellular 
senescence, indicating that mtROS establish an indispen-
sable connection with mitophagy impairment and cellular 
senescence in lung airway epithelial cells. Interestingly, 
Araya et al designed a prkn-knockout (KO) to verify that 
PRKN protein levels are the rate-limiting factors in 
PNIK1-PRKN-mediated mitophagy under CS exposure, 
and the findings indicated that PRKN might become 
a therapeutic target in the process of COPD.4

Mitophagy-Dependent Necroptosis 
Contribute to Emphysema of COPD
Emphysema is a common manifestation of COPD,59 

which is considered to be caused by smoking-induced 
epithelial cell death.77 Apoptosis is proposed to be an 
underlying mechanism leading to emphysema in COPD, 
whereas apoptosis is usually not accompanied by inflam-
mation and is associated with no or few DAMPs. 
Nevertheless, necroptosis is normally regarded as 
a predominant reason for emphysema with COPD because 
a massive number of DAMPs is released from damaged 
cells.78 Emerging studies demonstrate that there is 
a genetically programmed and regulated form of necrosis, 
termed necroptosis, that is dependent on receptor- 
interacting protein kinase 3 (RIPK3) and differs from 
apoptosis and necrosis.79–81 Autophagy, including selec-
tive autophagy, is usually considered a protective mechan-
ism, and autophagic cell death is not deemed a type of 
programmed cell death.82,83 However, autophagy indeed 
modulates other cell death pathways.84,85 Mizumura 
K showed that the mitophagy inhibitor Mdivi-1 and the 
deletion of PINK1 protect against mitochondrial dysfunc-
tion and cell death and downregulate the phosphorylation 
of mixed lineage kinase domains such as pseudokinase 
(MLKL), which is a substrate for RIP3 (a key regulator 
of necroptosis).17 Moreover, PINK1-/- mice were resistant 
to CS-induced airspace enlargement, mucociliary clear-
ance (MCC) disruption and mitochondrial injuries in this 
study. Importantly, the overexpression of PINK1 and RIP3 
was observed in epithelial cells isolated from COPD 
patients. These manifestations indicate that mitophagy- 
dependent necroptosis might be a therapeutic target for 

COPD. In addition, Mizumura K reported that in lung 
epithelial cells exposed to CS, sphingolipids regulated 
mitophagy and necroptosis and that the inhibition of cer-
amide-generating acid sphingomyelinase decreased both 
necroptosis and the CS-induced phosphorylation of 
PINK1.86

Mitophagy and Innate Immunity in 
Infection
Exacerbations of COPD has been proven to be related to 
susceptibility to infections.59 Researchers constructed 
a large observational study to show that the colonization 
of Pseudomonas aeruginosa increased the risk of hospita-
lization for exacerbated COPD, increasing COPD 
mortality.87 Deficient mitophagy is associated with 
immune cell homeostasis and inflammatory cytokine 
secretion, which contribute to autoimmune disease 
pathologies.14 Pathogens can directly modulate mitophagy, 
and pathogenic components can influence the innate 
immune response, which promotes pathogen replication 
in host cells.15,16 In a model of polymicrobial sepsis, the 
PINK1/PRKN pathway plays a crucial role in protecting 
the host against inflammation, and host susceptibility and 
inflammasome formation are upregulated when PINK1 or 
PRKN is deficient.88 Similarly, PRKN protects against 
sepsis-induced cardiac contractility by activating 
mitophagy.89 Interestingly, several pathogens promote 
mitophagy during infection by inducing mitochondrial 
fission.90,91 Zhou demonstrated that viral infection inhibits 
PINK1 to modulate the antiviral response by mediating 
RIG-I-like receptor (RLR) signaling, which affects with 
TNF receptor-associated factor (TRAF) 3 by suppressing 
its degradation.92 Using a constructed an intestinal bacter-
ial infection model, researchers found that PINK1-/- mice 
exhibit autoimmunity and mitochondria-specific CD8+ 
T cell responses.93 Various kinases are involved in the 
functions of innate immunity and mitophagy, such as 
TANK-binding kinase 1 (TBK1). TBK1 can activate the 
synthesis of IFN regulatory factor (IRF)-3 and type 
I IFN,94 and the autophosphorylation of TBK1 is an 
important step for mitophagy upon the ubiquitination of 
mitochondrial fragments.95 In addition, the phosphoryla-
tion of optineurin (OPTN) by TBK1 promotes the binding 
efficiency of OPTN to ubiquitin (Ub) chains, which 
enhances mitophagy.96 These findings implicate TBK1 as 
a key mediator of innate immunity and the activation of 
mitophagy. Notably, Jnk2-deficient mice express 
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inefficient mitophagy and elevated susceptibility to 
sepsis.97 The deletion of MKK3 also protects against sep-
sis by enabling mitochondrial biogenesis and mitophagy 
recovery, revealing that MKK3 plays a crucial role in the 
mitochondrial quality control system.55

Recent studies have shown the functions of calcium 
binding and coiled-coil domain 2 (CALCOCO2/NDP52), 
known as a key factor in the early step of PINK1/PRKN- 
dependent mitophagy,98 and p62 in regulating infection by 
coxsackievirus B3 and mycobacteria.99,100 NDP52 plays 
a pivotal role by degrading autophagy-mediated mitochon-
drial antiviral-signaling protein (MAVS), resulting in the 
activation of NF-κB and IRF3, inhibiting type I IFN 
signaling.99 Mitochondrial fragmentation and the genera-
tion of mitophagy-related autophagosomes are measures 
by which coxsackievirus B3 escapes the host immune 
response.101,102 When infected with an RNA virus, leu-
cine-rich repeat-containing protein 25 (LRRC25)104 acti-
vates p62 to induce selective autophagy-mediated RIG-I 
degradation, while LRRC59105 inhibits p62 in the same 
way. Furthermore, OPTN suppresses the intestinal inflam-
matory response in Salmonella infection by elevating the 
capacity of clearance105 and increases cell sensitivity to 
Citrobacter colitis and Escherichia colitis.106 In addition, 
NOD-like receptor X1 (NLRX1) is a newly discovered 
mitophagy receptor containing an LIR motif that associ-
ates with LC3, which is the target of Listeria monocyto-
genes for inducing mitophagy and evading the host killing 
effect.107 Overall, pathogens target critical mitophagy 
receptors or innate immune signaling factors under stress 
conditions to regulate the functions of the innate immune 
system.

Conclusion
COPD is a predominant cause of chronic morbidity and 
mortality throughout the world and is thus considered 
a significant public health issue that is both preventable 
and treatable. Cigarette smoking is the most commonly 
encountered risk factor for COPD. CS-induced oxidative 
stress acts on mitochondria, leading to alterations in their 
morphology, function and quality control, which accelerate 
the generation and accumulation of mtROS. Loss of cris-
tae, formation of abnormal branches, swollen and frag-
mented organelles are generally found in primary airway 
epithelial cells isolated from COPD patients. These 
changes in morphology result in damaged mitochondrial 
functions, such as decreased production of ATP, increased 
levels of ROS and reduced activity of the electron 

transport chain. Mitophagy, as a selective autophagy to 
eliminate impaired mitochondria, is also observed to be 
impaired in CS-stimulated experimental models and 
COPD patients. PRKN is the pivotal regulatory factor of 
mitophagy that is downregulated in COPD lung tissue, and 
the knockout of PRKN enhances the resistance of lung 
airway epithelial cells to CS-induced damage. 
Inflammation and necroptosis are the fundamental patho-
logical changes caused by COPD, and mitophagy plays an 
important protective role in these variations. Age, regarded 
as one of the risk factors for COPD, is usually associated 
with an elevated level of cellular senescence in COPD 
patients. Excessive mtROS are the primary pathogenic 
factors in CS-induced cellular senescence, which accumu-
late because of impaired mitophagy during CS exposure. 
Researchers have indicated that PRKN may be 
a mechanistic target in the cellular senescence of COPD 
because it regulates mitophagy, as shown by prkn- 
knockout mice being protected against CS-induced cell 
senescence. Infections also play a predominant role in 
the exacerbation of COPD, and defective mitophagy, as 
an underlying outcome of various pathogen infections, 
may influence the innate immune response to facilitate 
pathogen replication and colonization. Overall, mitophagy 
exerts several effects on pathological alterations, and var-
ious related genes or molecules can be expected to be used 
as therapeutic targets in the future.
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